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I - INTRODUCTION 

The e f f o r t  undertaken under NkqA Contrac t  R49-019-0'+0 w i l l  provide 

con t inu ing  r e sea rch ,  development, and engineer ing  s e r v i c e s  i n  suppor t  

of t h e  P lane ta ry  Quarantine Program. I n i t i a l  r e s p o n s i b i l i t i e s  are 

to  inc lude ,  bu t  n o t  be l i m i t e d  to (1) a gene ra l  system a n a l y s i s  to  

i n v e s t i g a t e  t h e  microbio logica l  loading expected on a p l ane ta ry  landing  

capsu le  p r i o r  to  te rmina l  s t e r i l i z a t i o n  and ( 2 )  development of instrumen- 

t a t i o n  and monitoring techniques  fo r  b i o l o g i c a l l y  c l e a n  assembly rooms. 

The Lovelace Foundation f o r  Fledical Education and Research w i l l  suppor t  

Sandia i n  the  microbio logica l  a spec t s  of t h e  pro&ram. 

To ass i s t  i n  provid ing  a t h e o r e t i c a l  founda t ion  f o r  t h e  p lane tary  

qua ran t ine  problem, s t a t i s t i c a l  models w i l l  be derived based on 

p l ane ta ry  objectives, b i o l o g i c a l  f a c t o r s ,  assembly and manufacture work 

environments, and assembly and manufacture techniques .  These models w i l l  

permit s t a t i s t i c a l  p r e d i c t i o n s  of microb io log ica l  contamination on 

p l ane ta ry  ?robes and l ande r5  and w i l l  provide a n a l y s i s  of t h e  i n t e r a c t i o n s  

of such p r e d i c t i o n s  w i t h  t he  o v e r a l l  p lane tary  exp lo ra t ion  ob jec t ives .  

V e r i f i c a t i o n  of the mathematical modeling w i l l  r e q u i r e  r e sea rch ,  

development, and engineer ing  support  i n  t h e  areas of microbiology, 

ins t rumenta t ion ,  and monitoring techn iques . Consu 1 t ing  s e r v i c e s  on 

c l e a n  roan technology and ope ra t ions  w i i i  i x  p i u - ; i G G d  tc !!>SI cont-rs 

a s  reauested.  
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I1 - SJ!S"EMS S'PIB)IES ACTIVITIES 

The gene ra l  o b j e c t i v e  of t h e  Systems S t u d i e s  Div is ion  is t he  

development of an o p e r a t i o n a l  program based on q u a n t i t a t i v e  models, 

which i f  followed, would l e a d  to t h e  achievement of s t a t e d  p l ane ta ry  

quarant ine  o b j e c t i v e s ,  

a c t i v i t y  t h i s  qua r t e r :  

(A) 

We have been engaged i n  t h r e e  s p e c i f i c  a r e a s  of 

A g e n e r a l  survey of program development ( i ieport  expected l a t e  

September). 

(B) A modif ica t ion  of t h e  Coleman-Sagan model ( R e p o r t  expected e a r l y  

August) , 

(C) A s t o c h a s t i c  assembly model (Report i n  press ) .  

The remainder of t h i s  s e c t i o n  is devoted t o  a d i scuss ion  of t h e  

progress  made i n  each of these  areas. 

(A) General Qurvey of Program Development 

The Cystems S tud ie s  Div is ion  i s  undertaking a survey of a v a i l a b l e  

l i t e r a t u r e  p e r t i n e n t  to  t h e  a r e a  of program development, Our o b j e c t i v e s  

a r e  : 

( a )  t o  formulate an overview of a program a t  an a b s t r a c t  gene ra l  

l eve  1, 

(0) to  determine generai  a r eas  in nee6 oc d a v e i u p u e i t t ,  

( c )  to  o u t l i n e  s p e c i f i c  problems a r i s i n g  i n  pursuance of t h i s  

development , and 

t o  model t h e s e  problems i n s o f a r  as manpower and time pe rmi t s .  (d )  

Such an a c t i v i t y  cannot he considered complete, of course ,  u n t i l  a 

comple te ly  o p e r a t i o n a l  p lane tary  quarant ine  program has  been formulated. 

A b r i e f  d e s c r i p t i o n  of our current overview of the  program is  given below, 
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I 
I 
, -  The program may be viewed as f a l l i n g  in to  f i v e  gene ra l  c a t e g o r i e s :  

(1) p lane ta ry  

(2)  i n  t r a n s i t  

( 3)  

(4) assembly 

(5) manufacture. 

The o b j e c t i v e s  of planetary explora t ion  a r e  e s s e n t i a l l y  p l ane ta ry  

s teri  1 i z a t i o n  

i n  c h a r a c t e r .  That is, they belong to t h e  f i r s t  program ca tegory  because 

they a r e  o b j e c t i v e s  s t a t e d  e x p l i c i t l v  i n  terms of t h e  ? l a n e t  and a r e  

q u i t e  un re l a t ed  t o  a procedural means of achieving them, Coleman and 

Yagan nade an a t t e a p t  t o  r e l a t e  t h e s e  a b s t r a c t  o b j e c t i v e s  to r equ i r e -  

ments on t h e  spacec ra f t ,  thereby genera t ing  new subob jec t ives  which are  

more n e a r l y  o m r a t i o n a l  than t h e  program ob jec t ives .  Thei r  work has been 

discussed and r ev i sed  by numerous persons, and a wholelv s a t i s f a c t o r y  

model has  no t  y e t  been obtained. Nevertheless,  it seems very l i k e l y  t h a t  

a s a t i s f a c t o r y  model w i l l  l ead  t o  reqiJirements on a, t h e  expected number 

of microorganisms pe r  s p a c e c r a f t  upon c o n t a c t  w i t h  t h e  pfianet, 

In  ca t egory  ( 3 1 ,  s t e r i l i z a t i o n ,  one i s  concerned wi th  t h e  development 

of a model i n  which u ' ,  t h e  expected number of microorganism per space- 

c r a f t  a f t e r  t he  te rmina l  s t e r i l i z a t i o n  cyc le  on e a r t h ,  is p red ic t ed  a s  

a func t ion  of t h e  time and temperature of t he  h e a t  cyc le  and t h e  number, 

no, of microorganisms p r e s e n t  on t h e  spacec ra f t  prior t o  te rmina l  s ter i l i -  

i a t i o n ,  Although the  s tandard  exponent ia l  dea th  process model is f r e q u e n t l y  

used for t h i s  purpose, t h e r e  is experimental  ev idence  of " t a i l i n g " ,  

ind ica t inp ,  t h a t  some a l t e r n a t i v e  model ray be necessary. 

men t a t  ion seem indica ted .  

F u r t h e r  exper i -  
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I n  the  i n  t r a n s i t  program category, one ' s  primary concern is t h e  

r e l a t i o n  between a, t h e  expected number of microorganisms per s p a c e c r a f t  
I 
I on the  p lane t ,  and d , t h e  expected number of microorganisms per s p a c e c r a f t  

I on e a r t h .  This  concern is necess i t a t ed  by t h e  p o s s i b i l i t y  t h a t  micro- 

I -  organisms w i l l  be t r a n s f e r r e d  from t h e  u n s t e r i l i z e d  shroud e x t e r i o r  to  the 

s t e r i l i z e d  lander  dur ing  shroud separation. Although it i a  a v i t a l  a r e a  

i n  program development, no work of t h i s  n a t u r e  hac been done. 

The o b j e c t i v e  i n  category (4). assembly, is the  development of a 

model by which no, t he  number of ,microorganisns  on a spacec ra f t  p r i o r  to 

terminal  s t e r i l i z a t i o n ,  may be predicted. This is necessary  because n 

w i l l  almost c e r t a i n l y  be a requi red  input for t he  l t e r i l i z a t i o n  m o d e l .  

Tbo models e x i s t  (one de te rmin i s t i c ,  the o t h e r  s t o c h a s t i c ) ,  but  both 

s u f f e r  from genera l i ty .  That is, n e i t h e r  is  developed i n  s u f f i c i e n t  

depth to  allow opera t iona l  requirements to be formulated d i r e c t l y  from 

them. 

modeling a c t i v i t y  is being undertaken by s e v e r a l  organizat ions.  

0 

A g r e a t  deal of experimental  d a t a  is  a v a i l a b l e  i n  t h i s  area, and 

The r e s u l t s  ob ta inab le  f r o m  an asseubly model w i l l  almost c e r t a i n l y  

depend upon the Contamination of t he  i n i t i a l  par t s  t o  be assembled, and 

the  amount of t h i s  c o n t a n h a t i o n  j u s t  p r i o r  t o  assembly w i l l  be a func t ion  

of manuf ac t i i r ing  and i n i t i a l  assembly (acceptance) procedures. A l m o s t  

nothing has been done i n  t h e  way of pred ic t ive  modeling i n  t h i s  a rea  

although a c e r t a i n  a m u n t  of experimentation has  been performed. 

From t h i s  Overview,  it seems apparent  t o  us  t h a t  there a r e  many 

a r e a s  i n  need of development. A c t i v i t i e s  (B) and (C) discussed below 

have been aimed a t  modeling some of the  more obvious problems a r i s i n g  

i n  these areas.  
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(B) A Modif icat ion of t he  Coleman-Sagan Model 

From a program development poin t  of view, the  model of Coleman and 

Sagan \-as an a t tempt  t o  relate t o t a l  p lane tary  mission o b j e c t i v e s  t o  

hardware requirements f o r  planetary quarant ine.  There a r e  several 

ob jec t ions  t o  t h i s  d e l ,  including,  some misunderstanding of t he  para- 

meters used h the  model (which have no t  been f u l l y  reso lved  in subsequent 

t rea tments )  and the  assumption t h a t  one is ab le  t o  f l y  i n f i n i t e l y  many 

missions t o  achieve h i s  o v e r a l l  explora t ion  objec t ive .  This l a t t e r  

assumption allows one to  de r ive  a requirement on u, t he  expected number 

of microorganisms per spacec ra f t  upon impact wi th  the  planet,  r ega rd le s s  

of the p robab i l i t y  of success  of each of t he  f l i g h t s ,  Ps. 

while  u is  a funct ion of P,, f o r  any given P, it is p o s s i b l e  to determine 

a va lue  of u which w i l l  al low the  t o t a l  exp lo ra t ion  program's o b j e c t i v e s  

to  be m e t .  This is n o t  the  case when some maximum, f i n i t e ,  number of 

f 1 i g h t s  is contemplated. 

That is, 

Recent modif icat ions of Coleman and Sagan's model have overcome t h i s  

l a s t  ob jec t ion  to  some e x t e n t ,  by consider ing only  a f i n i t e  number of 

f l i q h t s .  

of f l i g h t s  chosen, a r e  e s s e n t i a l l y  ignoring total exp lo ra t ion  ob jec t ives  

and cons ider ing  only s t e r i l i z a t i o n  objec t ives .  This  could prove t o  be 

unreasonable s i n c e  the re  is a d e f i n i t e ,  and as y e t  n o t  thoroughly 

analyzed, r e l a t i o n s h i p  between s t e r i l i t y  requirements and r e l i a b i l i t y  

requirements when only a f i n i t e  number of missions are flown. 

computer and t r e a t i n g  many of the  q u a n t i t i e s  a s  parameters,  prel iminary 

c a l c u l a t i o n s  dea l ing  wi th  t h i s  r e l a t i o n s h i p  have been obtained. 

However, such models, without f u r t h e r  a n a l y s i s  of t h e  number 

U s i n g  a 

A comple t e  r e p o r t  of t h i s  work along wi th  a c l a r i f i c a t i o n  of t h e  

meaning of some of t h e  parameters appearing i n  recent  r e p o r t s  is expected 

sometime e a r l y  i n  August. 
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<C) A S t o c h a s t i c  Assembly Model 

A d e 1  has  been developed and r e f i n e d  which treats t h e  assembly 

problem s t o c h a s t i c a l l y ,  There are two types  of stochastic e lements  i n  

t h e  model: (i) t h e  amounts of contamination on p a r t s  and subassemblies,  I 
i 

and ’ _  

(ii) t h e  d i s t r i b u t i o n  of contamination on the  s u r f a c e s  of I -  
I the  parts, 

The la t te r  is considered because of the p o s s i b i l i t y  of d i f f e r e n t  chemical 

decontamination r e s u l t s  on d i f f e r e n t  types  of sur faces .  

me r e p o r t  is i n  p r e s s  En t i t l ed ,  **An Assembly Contamination Model,” 

it w i l l  be a v a i l a b l e  as Sandia Corporation Research Report  No. SC-RR-66-421, 
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111 - RYSTEElS FUnPORT ACTIVITIES 

The gene ra l  o b j e c t i v e s  of t h e  Systems Support  Div is ion  are: 

(1) t o  support  t h e  Systems S tud ie s  Division by c a t h e r i n g  experimental  

d a t a  f o r  t h e  p u r p o s e s  of (i) e s t a b l i s h i n g  parameter va lues  f o r  t h e o r e t i c a l  

mathematical models and (ii) a s s i s t a n c e  i n  realist ic model development 

so t h a t  t h e  r o d e l  r ep resen t s  t h e  achievable  and can later be reduced from 

theory  t o  p r a c t i c e  wi th  minimum d i f f i c u l t y ;  (2)  

Room design and c l e a n  room requirements f o r  check o u t  and o p e r a t i o n a l  

procedures. Pursuant t o  t h e s e  ob jec t ives ,  t h e  fo l lowing  s p e c i f i c  a reas  

to assist  NASA w i t h  Clean 

of a c t i v i t y  have been engaged i n  t h i s  quarter: 

(A) Design f o r  a high rate ae roso l  ?ar t ic le  sampler  

(B) Ttudy of f i n e  p a r t i c l e  behavior on s u r f a c e s  

( e )  Assis tance  t o  NASA i n  c lean  room des ign  and c l e a n  room 

requirements 

The remainder of t h i s  sec t ior .  i s  devoted t o  d i s c u s s i o n  of t h e  progress  

made i n  t h e s e  a reas ,  

(A) Design f o r  a P igh  ?a te  Aerosol P a r t i c l e  Facpler 

C'ntil r e c e n t l y  sampling f o r  a i rbo rne  p a r t i c l e s  i n  c l ean  rooms has  

been a ma t t e r  of measuring high concent ra t ions  of such par t ic les .  Kith 

t h e  development of Fuch c l e a n e r  a reas ,  

l o w  concen t r a t ions  of a i r b o r n e  p a r t i c l e s .  

o r  counting a i r b o r n e  p a r t i c l e s  is t h a t  of measuring l i g h t  s c a t t e r e d  from 

a i r b o r n e  p a r t i c l e s .  Sampling rates (approx. -01 c u b i c  f t .  p e r  minute) 

were k e p t  small t o  avoid coincidence problems i n  t h e  sensing zones. 

a need has  a r i s e n  t o  measure very 

'Ihe common method f o r  measuring 

To more accu ra t e ly  e v a l u a t e  very c l ean  a r e a s ,  l a r g e r  a i r  samples must 

The coincidence problem i s  lessened i n  very c l e a n  a reas :  be taken. 



I -  however, o p t i c a l  systems nus t  be improved to i l l u m i n a t e  l a r g e r  sensing 

~ zones, and a i r  handling methods must he improved, 
, 

A developmental device  has  been designed and con7t ruc ted  a t  Sandia t o  

sample one cub ic  ft. per minute. This u n i t  is  a laboratory type u n i t ;  

however, r e s u l t s  obtained from t h i s  u n i t  proved t h e  p r a c t i c a b i l i t y  of t h e  

idea f o r  s tandard  production counters. 

This unit  showed much better s e n s i t i v i t y  €or low concen- 

t r a t i o n s  of a i rborne  par t ic les  than present  counters ;  

count ing concent ra t ions  a s  l o w  as 5 t o  10 p a r t i c l e s  p e r  cu. f t ,  

r e l i a b l y  conpared t o  1000 f o r  p re sen t  type counters .  (0 .5 micron 

s i z e  and l a r g e r  t o t a l ) .  

R e p e a t a b i l i t y  w a s  better than 2%, even €or the low concen- 

t r a t i o n  levels, 

The u n i t  also has a much improved c a p a b i l i t y  of count ing 

l a r g e  p a r t i c l e s  such as  c lo th ing  f i b e r s  and o t h e r  process 

generated particles.  

f o r  eva lua t ing  spot l oca t ion  cond i t ions ,  

This c a p a b i l i t y  makes t h e  u n i t  u s e f u l  

As t i m e  p e r m i t s ,  a u n i t  i s  being designed t o  sample 2 t o  5 cubic  ft. 

of a i r  per  minute. Some s a c r a f i c e  i n  u n i t  size may be necessary f o r  

u n i t s  t h a t  sample  over  5 cu.ft,min. 4ue ts tsy!Lrsrnents f o r  l a r g e r  o p t i c a l  

s y s  tens . 
A t echn ica l  r e p o r t  on this work is be ing  prepared as a Fandia Corpora- 

t i o n  -eseareh Report and w i l l  be published i n  August. 
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(R) S t u d i e s  of Fine P a r t i c l e  nehavior on Sur faces  

These s t u d i e s  are being conducted t o  develop information concerning 

p a r t i c l e  c o l l e c t i o n ,  r e t e n t i o n ,  and removal f o r  f l a t  as w e l l  as i r r e g u l a r  

su r f aces .  They w i l l ,  hopefu l ly ,  y i e ld  realist ic numbers f o r  u s e  i n  t h e  

mathematical models f o r  t h e  planetary quarant ine  program, One phase of 

t h i s  work has  been o r i e n t e d  toward a s tudy  of l oose  d ry  p a r t i c l e s  on 

f l a t  surfaces.  Th i s  s tudy  i s  well underway and a pre l iminary  progress  

report  i s  under prepara t ion  for pub l i ca t ion  i n  August. Another study 

underway concerns t h e  development of means of Cont ro l l inC a i r f l o w  to 

l i m i t  pa r t ic le  d e p o s i t i c n  on s e n s i t i v e  su r faces ,  which involves c l e a n  

room design, l ayou t ,  procedures, etc. A research  r e p o r t ,  SC-RR-66-385, 

"An Evaluation of Clean Vp Eff i c i ency  f o r  Viable contamination by a 

Class 100 Laminar Flow Clean I;oom" is i n  p r i n t i n g  and w i l l  he d i s t r i b u t e d  

i n  e a r l y  August, Another supporting report SC-RR-66-386, "The Deposit ion 

of I J u t r i e n t s  t o  Surfaces  by Eodac Plates" w i l l  be d i s t r i b u t e d  a t  t h e  

same time. 

C 

(C) Assis tance  t o  NASA i n  Clean Room Design and Clean Room Tequirements 

Ass is tance  to NASA was p rov ided  i n  c l e a n  room des ign  and c l ean  room 

requirements f o r  i n s t a l l a t i o n s  a t  Cape Kennedy (hydraul ic  assembly bui ld ing ,  

P-erritt I s l and)  , JPL, Coddard Greenbelt ,  I'SC Houston, and t h e  Phoenix 

F i e l d  E t a t i o n  IJSPIIS, Clork consisted of consi l l tat inn and rm-n-nrlatjnnQ 

on f i n a l  drawings, b id  request s p e c i f i c a t i o n s ,  f i l t e r  test s p e c i f i c a t i o n s  

and check o u t  procedures, 
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C. A. T r a u t h ,  Jr., 2571 (6) 
E. J. cherry,  2571 (5 )  
W. J. W h i t f i e l d ,  2572 
l?. C. F l e t c h e r ,  5000 
R. 9 .  C l a a s s e n ,  5100 
T, 3 .  Cook, Jr., 5200 
J. V, V e i h e ,  5250 
1). P. P e t e r s o n ,  5253 
>:. J. Norris, 5260 
.T. F‘, Vorrell, Jr., 5261 
1.’. S. T i e r n e y ,  5263  
L. D. Smi th ,  5500 
TI. ? I .  Van Domelen, 5530 
2. T. E i l l o n ,  5590 
Director, 5600 
NASA, Code SC, G r a n t s  and C o n t r a c t s ,  

kO0 Y‘atyland Avenue, SW, Vash ing ton  D.C. 20546 (25 )  
1,. R. lla11, NkcA,  Code SR, 400  Varyland  Avenue, SI? 

V a s h i n g t o n  D. C. 20546 ( 2 )  
!J. E. C l a p p e r ,  1 ,ove lace  Founda t ion ,  Albuquerque ,  New ?.!exico 
J. J. F!cllade, L o v e l a c e  F o u n d a t i o n ,  Albuquerque ,  New blexico 
V. F. C a r s t e n s ,  3410 
C. H ,  S p r o u l ,  3415-3 (3) 
9. R .  A l l e n ,  3421 
?!. C.. P a n d l e ,  3428-1, Rldg. 802 
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